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(54) TRANSMISSION ILLUMINATOR FOR MICROSCOPES 



(57) A transmission illuminator used for a micro- 
scope having a transmission illuminating optical system 
provided with a condenser lens (26) for applying light 
emitted from a light source (20) to a sample (30) to illu- 
minate the same, and an observation optical system 
provided with an objective lens (31) for observing the 
sample, wherein at least two shading members (40a, 
40b) are provided in a position conjugate with that of a 
pupil of the objective lens or in the vicinity of the conju- 
gate position, and used to control the shape of an open- 
ing formed in the pupil of the objective lens, whereby it 
becomes possible to continuously vary contrast without 
disposing a dedicated optical element in the obervation 
optical system, and illuminate various samples so as to 
give optimum contrast thereto. 
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Description 

Technical Held 

[0001] The present invention relates to a transmittedHllumination apparatus applicable to various types of micro- 
scopes. 

Background Art 

1,0002] There are conventional methods, such as a phase-contrast observation method, a differential-interference 

tr™? ?T m * ' 3 m 1 odulafion - contrast meth °d and an oblique illumination method, for visualizing various colorless 
transparent phase-samples and observing them. 

l °°°*L h . tne P^se-contract observation method, a ring slit is provided at a position of a pupil of an illumination opti- 
cal system of a microscope. Aphasefilm having a conjugate shape with the ring slit is disposed at a pupil of a focusing 
opbcah system provided at a position conjugate with the ring slit An advantage of this observation method resides in 

be ° b,ained hi9h detection sensitivity, even for samples with a 
srnall difference .n refracbve index between structures, or minute granular structures of cells. On the other hand a dis- 
advantage o this observation method resides in that a phenomenon called "halo", in which an end portion of a structure 
of a sample looks shining in white, occurs and this makes it difficult to determine the contour of a structure. In addition 

of the observaton opbcal system be made to coincide by projection, thereby improving the aberration perfonnance of 
Hi? K° m I m9 l ? u * Ph3Se ,i,m P ' ane - the P has6 - C °"test observation method, there arises no problem 
1„„^L« S ! 9 magnification, but the aberration performance of the pupil for the observation at a low 

W T JT 9nifiCafon 03,1,101 «*WWorny be corrected. In fact, the phase^ontrast observation 
method is applicable to objective lenses with a magnification of X4 at most 

l0 °°* ] '"J* 16 differential-interference observation method, two polarized light components crossing at right angles 

components are made to interfere with each other, thereby observing a minute structure of the sample An advantage 
l«r S h^ e ^ic2rlL 0d ''J l 68 '"J** st&eosc °P ic observation with very high contrast can be performed. On the 
other hand a disadvantage of th.s observation method is that the use of the birefringent crystal increases costs and 

SSSZJZ ? 90 ^ '^■ I n0 . exact <***™*>» ™ ^ obtained in a case of a SeriaTSaS^ 
prized state For example, a plastic Petri dish is unsuitable for the differential-interference observation. The reason 
is mat polanzed light is disturbed by birefringence of plastic material. In addition, the polarization state is distuiSfS 
^ T 3 ° r a " 0Djective lens in ** illuminat 'on optical system, a purpose-specific objective lens, etc is 

ntficatior ° f m ° re ' ' S " 0t SUitable f0r observation a 'ow magnification or a vary low mag- 

S , I**?"'"!??''!'" 30 *** observation metnod - as Closed in Jpn. Pat Appln. KOKAI Publication No. 51- 
rS^JLh 2 P T. 3 P ° Sltl0n * 3 PUpi ' 01 a " i,luminaton ^oal system of a microscope, and a plurality of 
regions wrth differert transmrttances are provided at a position of a pupil of a focusing optical system. Normal)/ an 
abson^on f,.m having a proper transmrttance is disposed at a region conjugate with the s?. A traTsmissionTSn fe 
n iT ? 3 ,aGert to ** 3bS0rpti0n and a "sW-shield region is provided on the other side. On a pupil 

plane, light transmission regions vary depending on a magnitude of refraction due to a structure in a sample and a 
transmrttance vanes accordingly. Thus, a stereoscopic image with white/black shading can be obtained. An advantage 
of this observation method resides in that a stereoscopic image with shading on a phL object can bTobTaineTSa 

^^l^ enSW l S l U T re Sin ° e thiS meth0d * free from whicn ««« in tha above-mentioned phase-con- 
l?f £ ^ T ! f *• COntOUr 01 3 StruCture 030 be easi| y observed and this method is suitable for manipulation 
£ ^ £5 1 disadvanta 9 e of «* observation method resides in that the detection sensitivity is 
ower than in the phas^contrast observation method and it is difficult to determine a minute structure. Moreover a df - 

lensjs exchanged. Besides. ,n order to project the slit onto the absorption film of the observation optical system it is 
necessary to improve the aberration of the optical system for projecting the pupil, like the phase^ontrast observation 

cannot satisfactorily be conected and proper observation cannot be performed 

Szing SSeia^es 51 ^ 6 iUumina,i0n method and a dark " field illumination m **>* « «'"<"ination methods for 

,. J2 t0 J D ^ schema,ic views 01 condenser lenses in general obOque illumination methods. In these 
figures, numeral 1 denotes an aperture stop; 2a. 2b lens groups; and 3 a sample. The aperture stop 1 limits the aper- 
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ture for illumination and has a variable circular aperture. The aperture stop 1 moves in a plane perpendicular to an illu- 
mination optical axis O, thereby controlling the angle of illumination onto the sample 3. Specifically. FIG. 1 B shows the 
state of the pupil in a case where the aperture stop 1 in the state shown in FIG. 1 A has been moved and reduced. FIG. 
1 C shows the state of the pupil in a case where the aperture stop 1 has been further reduced. FIG. 1 D shows the state 
of the pupil in a case where the aperture stop 1 has been shifted while being opened. 

[0008] FIG. 2A is a schematic view of a condenser lens in a general dark-field illumination method. In the conven- 
tional dark-field illumination method, as shown in the figure, a stop 1a, which has an inside portion shut off and has an 
outside annular portion provided with a slit, is disposed near a location where an aperture stop is disposed. As is shown 
in FIG. 2B, the stop 1a has a central light-shield region 1b. The region 1b prevents illumination light from directly enter- 
ing an objective lens. In addition, scattered light from the sample 3 is observed to realize dark-field observation. In this 
case, the shape of the stop 1a is selected in accordance with the numerical aperture of the objective lens, whereby 
dark-field observation can be made using various objective lenses. 

[0009] As regards observation using microscopes, not only micro-regions but also macro-regions need to be 
observed. There are cases where the use of an objective lens with a magnification of X1, an objective lens with a very 
low magnification of X0.5, etc. is desired. In general, a stereomicroscope is used for observing such macro-regions. 
The stereomicroscope is advantageous in that the cost is low, the operability is high and stereoscopic observation can 
be performed. In addition, as regards illumination methods, there are means, such as dark-field illumination, bright-field 
illumination and oblique illumination, for visualizing transparent samples such as phase samples. 
[0010] Jpn. Pat. Appln. KOKAI Publication No. 4-318804 discloses a transmission-illumination apparatus for a ster- 
eomicroscope, which permits oblique illumination. FIG. 3A shows the transmission-illumination apparatus disclosed in 
this publication. As is shown in FIG. 3A, this apparatus is constructed such that light from a light source 5 is guided to 
a mirror 8 via a collector lens 6 and a frosted glass 7, and a light beam reflected by the mirror 8 is radiated via a con- 
denser lens 9 onto a sample 10a placed on a sample-mounting transparent member 10 and then guided to an objective 
lens 12. By rotating the mirror 8 and changing the angle thereof, the ratio between a dark portion 13a and a bright por- 
tion 13b of a pupil 1 3 of each of right and left objective lenses, as shown in FIG. 3B, can be controlled. 
[0011] Jpn. U.M. Appln. KOKOKU Publication No. 41-5808 discloses a transmission-illumination apparatus for a 
-stereomicroscope capable of selectively effecting oblique illumination and dark-field illumination. FIG. 4 is a view for 
describing this apparatus. As is shown in FIG. 4A, this apparatus is constructed such that light from a light source 5 is 
guided to a mirror 8 via a collector lens 6 and a frosted glass 7, and light reflected by a mirror 8 is radiated via a con- 
denser lens 9 onto a sample 10a and then guided to an objective lens 12. A knife edge 15 for cutting a light beam is 
provided near the frosted glass 7 disposed at a position conjugate with the pupil of the objective lens 12. 
[0012] As is shown in FIG. 4B, the knife edge 15 is vertically moved relative to a conjugate image 17 of the pupils 
of the two juxtaposed objective lenses, whereby oblique Olumination and dark-field illumination is selectively effected. 
The aforementioned Jpn. Pat Appln. KOKAI Publication No. 4-318804 proposes that a stop be substituted for the knife 
edge 15 shown in FIG. 4A. 

[001 3] A purpose-specific observation optical system is required for the above-described phase-contrast observa- 
tion method, differential-interference observation method and modulation-contrast observation method which can per- 
form observation of a transparent object such as a phase sample. It is also necessary, for example, to correct the optical 
performances of the illumination optical system and the pupil projection optical system of the observation optical sys- 
tem. Thus, these methods are not suitable for observation with a low magnification or a very low magnification. 
[0014] In the oblique-illumination method shown in FIG. 1 A, if the aperture stop 1 is shifted and reduced, as shown 
in FIG. 1C, the resolution and the luminance of Olumination light become deficient If the aperture stop 1 is shifted, as 
shown in FIG. 1 D, it becomes difficult to control the degree of freedom of oblique illumination, i.e. the ratio between illu- 
mination light directly incident on the objective lens and non-incident illumination light The reason is that the aperture 
stop is constructed to form a circular opening. 

[0015] In addition, in the dark-field illumination illustrated in FIG. 2, the angle of dark-field illumination light varies 
depending on the width of the annular slit or the position of the aperture. Consequently, if the thickness, etc. of the sam- 
ple varies, the sample cannot be made visible with good contrast. Specifically, in order to freely control the angle of illu- 
mination light, it is necessary to prepare many annular slits with different structures, and this is not practical. 
[0016] Moreover, as regards the oblique Olumination method proposed in the above-described stereo-microscope, 
only one of the pupils of the right and left objective lenses is illuminated. Thus, only one kind of contrast is obtained. 
Although the effect of oblique illumination can be obtained by disposing the slit at the pupil of the illumination optical 
system and thereby restricting the aperture of the pupil of the objective lens, the shape of the slit or the position of the 
slit is fixed in the prior art. It is thus not possible to freely and finely control the intensity of illumination light or the angle 
of illumination, depending on the thickness and refractive index of various samples. .,; » 

[001 7] As has been described above, with the conventional illumination apparatus for microscopes, phase-samples 
cannot satisfactorily be made visible with high contrast in observation with a low or very low magnification. 
[0018] Recently, stereomicroscopes have been constructed as systems, and a wide range of magnification is 
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required. In addition high operabilrty is required. In order to meet a demand for use with a wide range of magnification 

III ? Unif ° rm i,,umination over a visual fie,d - 'n view of easier use, a sample plane needs to 

be situated at a level as low as possible. 

ETJLl f Sifl^iSS - Pri ° r 3rt the froSted 9lass {diffusion P 1 ^ needs 40 be enlar 9ed in order to increase 
SiS^L™' de,l ** r * -™™r, too. needs to be enlarged. Because of this, the thickness of the illumination 

bSS 3 d6mand 8 ^ ViSUa ' f i6ld and 8 d8mand for 3 lovHevel sam P ,e P lane «™ot 

I002 k°- - « J ^-„ U M - ApP ' a K0K0KU PuWication No - 45-1105 discloses an illumination apparatus capable of perform- 
mg bngW-fteW .Oummton and dark-field illumination, as shown in FIG. 5. In this Hlurrfnalon apparatus, a UghVsource 

^Jf^fi"?! 8 ," 2?°*? ' enS 101 and 3 Sample 102 - ,n the dark - field "'^nation mode, a shufler 103 is 
closed to shut off direct light traveling to the sample 102. In addition, light from the light source 100 is reflected by a 

5nJ?™?JT l°v ^ ^ iqUe ' y inCk,ent ° n * e Sampie 102 - ,n * e »*1BW*« Rumination mode, the shutter 
1 03 is opened and light from the light source 100 is made directly incident on the sample 

J" m t illumina,ion ^atus. however, the light source is disposed vertical to the sample. Consequently the 
optical path is short and, no space is left for mounting optical members such as a filter. B an optical member is to be 

SS? ^ ! V"*-!?^ * he * liCkneSS 0f the a PPafatus with this structure is increased. Furthermore, since the opti- 
cal path is short, the wide visual field cannot uniformly be illuminated. 

Disclosure of Invention 

[0022] Anobjectofthepresentinventionistoprovidean illumination apparatus for a microscope, wherein a phase- 
sample isv.sual.zed with a good contrast without disposing a purpose-specific optical element, etc. in an observation 
optical system, in particular, in a region of a low magnification to a very low magnification, and a structure and a distri- 
bution thereof can be specified. Specifically, a transmission-illumination apparatus is provided wherein a contrast is suc- 

SamP ' 6S thiCkn6SSeS "* r6,racHve indiC6S and ° ptimal b 

[0023] Another object of the invention is to provide a transmission-illumination apparatus wherein a sample-mount- 
ing surface ran be set at a low level, that is, a height between a bottom surface of a microscope body and the sample- 
mounting surface can be reduced. aaiUJie- 
[0024] Still another object of the invention is to provide a transmission-illumination apparatus wherein a bright-field 
8 ^ teW ,°P tical * etched to observe a sample andaTeight between a bo^om su" 

face of a microscope body and a sample-mounting surface can be reduced. 

Brief Description of Drawings 
[0025] 

FIG. 1A to FIG. 1D schematically show condenser lenses in general oblique-illumination methods and aperture 
shapes of pupils created by aperture stops thereof; 

FIG. 2A schematically shows a condenser lens in a general dark-field illumination method, and FIG. 2B shows a 
snape of a stop! 

FIG. 3A shows a schematic structure of a conventional transmission-illumination apparatus and FIG 3B shows 
aperture shapes of pupils of right and left objective lenses; 

FIG. 4A shows a schematic structure of another conventional transmission-illumination apparatus and FIG 4B 
shows a relationship between a knife edge and pupils of right and left objective lenses- 
aipafatos^ a b?Sed al miCr ° SC ° Pe Wherein a bri 0 hMWd "lunation apparatus and a dark-field illumination 

US S Sh Tl an eXtemal ^P* 3 ™ 06 * a stereomicroscope to which a transmission-illumination apparatus 
according to the present invention is applicable; 

FIG. 7 shows a schematic structure of an optical system of the stereomicrosccpe shown in FIG 6- 
rS c 8 £ S fT mabCally snows P 0 * 0 " 5 of a condenser lens and an objective lens in a bright-field illumination state 
and FIG. 8B shows a state of a pupil at that time; 

FIG. 9A schematirally shows portions of a shield member, a condenser lens and an objective lens in the optical 
system shown .n FIG. 7, and FIG. 9B shows a state of a pupil at that time- 

FIG. 10A shows a state in which the shield member has been shifted in the structure shown in FIG 9A, and FIG 
10B shows a state of a pupil at that time; »«. nva. 

FIG. 11 A shows a state in which the shield member has been shifted in the structure shown in FIG. 9A. and FIG 
10B shows a state of a pupil at that time; 
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FIG. 1 2A to FIG. 1 2D correspond to FIGS. 8B to FIG. 1 1 B and show positional relationships between the pupil and 
shield member in the case where the optical system shown in FIG. 7 is applied to the stereomicroscope; 
FIG. 13 shows an example of a shield member driving mechanism provided within the microscope body; 
FIG. 14 shows a second example of the structure of the shield member driving mechanism; 
5 FIGS. 1 5A and 15B show a third example of the structure of the shield member driving mechanism, FIG: 15A being 
a plan view, FIG. 15B being a side view; 

FIGS. 16A and 16B showa forth example of the structure of the shield member driving mechanism, FIG. 16A being 
a plan view, FIG. 16B being a cross-sectional view taken along line XVIB-XVIB in FIG. 16A; 
FIG. 17A and FIG. 17B show a structure for partly controlling light intensity for an aperture created at the pupil of 
w the objective lens, FIG. 1 7A schematically showing an optical system, FIG. 1 7B showing a relationship between the 
shield member and the pupil, and FIG. 1 7C shows another example of the structure of the shield member portion; 
FIG. 18A and FIG. 18B show another example of the structure for partly controlling light intensity for an aperture 
created at the pupil of the objective lens; 

FIG. 1 9A and FIG. 1 9B show another example of the structure for controlling an aperture shape created at the pupil 
is of the objective lens, FIG. 1 9A schematically showing an optical system, FIG. 1 9B showing a relationship between 
the shield member and the pupil; 

FIG. 20A and FIG. 20B show another example of the structure for controlling an aperture shape created at the pupil 
of the objective lens, FIG. 20A schematically showing an optical system, FIG. 20B showing a relationship between 
the shield member and the pupil; 
20 FIG. 21 shows a structure for partly controlling light intensity for an aperture created at the pupil of the objective 
lens in the stereomicroscope, as well as showing a relationship between the shield member and the pupil; 
FIG. 22 shows another example of the structure of the shield member portion in FIG. 21 ; 
FIG. 23 shows another example of the structure for partly controlling light intensity for an aperture created at the 
pupil of the objective lens; 

25 FIG. 24 shows another example of the structure for partly controlling light intensity for an aperture created at the 
pupil of the objective lens; 

FIG. 25A and FIG. 25B show another example of the structure for controlling an aperture shape created at the pupil 
of the objective lens in the stereo-microscope, FIGL 25A schematically showing an optical system, FIG. 25B show- 
ing a relationship between the shield member and the pupil; 
30 FIG. 26A and FIG. 26B show another example of the structure for controlling an aperture shape created at the pupil 
of the objective lens in the stereo-microscope, Fia 26A schematically showing an optical system, FIG. 26B show- 
ing a relationship between the shield member and the pupil; 

FIG. 27A to FIG. 27E show another example of the structure of the shield member, each showing an example of 
positional relationship in a case where two shield members have been shifted; 
35 FIG. 28A and FIG. 28B show another example of the structure of the shield member, each showing an example of 
positional relationship in a case where two shield members have been shifted; 

FIG. 29A to FIG. 29C show another example of the structure of the shield member, FIG. 29A showing a structure 
with one shield member, FIG. 29B and FIG. 29C showing examples of positional relationship in a case where two 
shield members have been shifted; 
40 FIG. 30 shows another example of the structure of the transmission-illumination optical system; 

FIG. 31 shows the structure of a high-magnification condenser lens for use in the transmission-illumination optical 
system according to the present invention; 

FIG. 32 shows a second structure of the high-magnification condenser lens; 

FIG. 33 shows the structure of a low-magnification condenser lens for use in the transmission-illumination optical 
45 system according to the present invention; 

FIG. 34A and FIG. 34B show structures of switchable condenser lenses for use in a microscope transmission-illu- 
mination apparatus, FIG. 34A showing a structure of a high-magnification condenser lens, FIG. 34B showing a 
structure of a low-magnification condenser lens; 

FIG. 35A and FIG. 35B show second structures of switchable condenser lenses for use in the microscope trans- 
so mission-illumination apparatus, FIG. 35A showing a structure of a high-magnification condenser lens, FIG. 35B 
showing a structure of a low-magnification condenser lens; 
FIG. 36 shows a second embodiment of the present invention; 
FIG. 37 shows a modification of the embodiment shown in FIG. 36; 

FIG. 38A shows a third embodiment of the microscope transmission-illumination apparatus according to the 
55 present invention and. in particular, a bright-field optical system, and FIG. 38B shows a shape of a convex lens; 

FIG. 39A is a cross-sectional view showing, in particular, a dark-field optical system in the structure shown in FIG. 
38A, and FIG. 39B shows a shape of a convex lens; 
FIG. 40 shows an optical system switching mechanism; 
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FIG. 41 shows a filter insert/remove mechanism; 

p!?q 2f "2 S ^ ^ for describin 9 operational advantage of the third embodiment; 
HQS. 43A and 43B show a modification of the filter insert/remove mechanism- 

FIG. 45 shows an optical system switching mechanism in the first modification; and 
FIG. 46 shows a filter switching mechanism in the first modification. 

Best Mode for Carrying Out the Invention 

10 

rO026) Embodiments of the present invention will now be described by referring to ordinary microscopes as exam- 

i°°"L. F,a J somatically shows a structure of an optical system of a microscope. The optical system comprises 
, 5 ^™ss,on,llum I naton optical system for illuminating a sample, and an observation optical s^temltorobs^ngS 

SSL »i w!^^ 88 ! 0 ^^"^ 0 " SyStem prises a light source 20 such as a halogen lamp; a collec- 
tor lens 2 for converting l.ght from the light source 20 into a substantially parallel light beam; a diffusion pSe (frosted 

El 1 ^ P ^7 3 B9ht " S0UrCe im39e fr0m 9,6 deflecfon — a condenser lens 26 for conve^Sm 

£2X£Es£? t a s ,? stan,iaiiy para,,ei beam inuminatin9 a 3 °- ,n «* 

wS ilT^^fSS T £ ,S Pr0j6Cted 0nt ° 3 ^ P0sifon P1 * the ^nsmission-illumination optical system 
SS. ^ f! 3 front " S,de <bCal P ° siti0n 01 * e ^"ser '«* 26, thereby illuminating the sample sb 

iSpS'T^'f 6 " °° mpriSeS a " 0bj6Ct,ve ,ens 31 ' a ^si^ ,ens 32 a "d an eyepiece lens 33 



A^t™P2°f^ 

the pupil posrijon P1 which is the focal position of the condenser lens. The light which has pasfed 1h£?KSS 
Tj£**™?t by ^ ° f eyepi8Ce ,ens 33 via *• ob > S( *™ le "s 3 1 and focusing lens 32 ^ 
«SL J ^! h ^ a ^!?°!l" illU Ti na,i0n 0ptiCa ' SyStem mh the above structure, at least two shield members 40a 
nX^SX H mdepena ' en,ly movaWe 31 a t**^ C.e. pupil position P1) conjugate with the pupil poston 
or "? ' *» P°s«°n- By shifting the shield member 40a. 40b. the shape! tne 

to^^EE^Eft ° WeCliVe ' enS 31 iS COn,rol,ed ' 85 be described teter in detail. Specifically 
EJS£h r °, Ii W for " lumina,m 9 sample 30 can be varied to control the ratio between the illumination 
I^W d rectly entering the objective lens 31 and the diffraction light emanating from the sample 30 
0031] Th.sw.ll be described specifically with reference to FIGS.8Ato11B. In these figures. FIGS 8A, 9A 10Aand 

a! which SSSTT A C,rd ! * Symbd A represenls a P^ 1 wrth a "^rnum numerical ajer- 
S* 1 the condenser ,ens 26 03,1 P art °™ illumination. A circle indicated by symbol C represents a pupil cTrre- 
spondmg to a numerical aperture of the objective lens 31 of the microscope at the pupil position Pi of the condenser 
SL^h C, : cl f H ,nd,ca ! ed b * symbol B represents a light incidence state (aperturS shape; a 
shielded by sh.eld member 40a, 40b) atthe pupil position of the objective lens 31. 9 

SSm^Hf^^l B Stat6S WhiCh n ° Shield member is Present, that is, so-called bright-field illumi- 

n!SL? 2* 3t leaSt "° Shie,d membera 408 80(1 as shown in FIG. 7. are disposed to be inde- 

pendently movable at a pupil position P1 of the condenser lens 26, or near this position ± severaTmm from pudl 

K« JSS Z J? Sh ' eld members - 7)16 shape of each shield member, the number of shield members, 
and fre method of movement thereof can be variously determined. For example, as shown in FIG 8A each shield 

> VTT^ and 816 **** memberc be shifted'idependent.y .as SSJ?J5? 

L ^r^ S | SpeC9 : Ca,,y ' " ,he 6hieW members 403 and 400 ar « Pos«ioned. as shoJ in FIG. 9A and '££ 

to SSS^S£ ST 0 " !? te) repreS6nted by PUP " B fe ,n fi 9 ures - a f ^°n (hatched) shut off by 

4^tn^o^ to ?riaTSSl 3 ,eft - Sk, : b,ack in •» P"P» B - and a ^ion shut off by me shield membe 
««jd corresponds to a right-side black region in the pupil B. 

Km thTL 1 0 °c B h Sh ° WS l^i n W D iCh thS 8hield member 406 1,35 been ^^r shifted toward the shield member 
40a from th. state shown m FIG. 9B and the distance therebetween narrowed. As is indicated by the aperture shaoe h 

leSo^Th^ 

rjJK J ' / " led ^ Vl ^L When observa, ion is performed using a microscope shown in FIG. 6) in the left side of 

^ P 40b arS ne 2? J£?"? - ° Wk,Ue i,IU ^ ti0n ' 8 0btlhBd by inde P enda ««y shifting the shield members 40a 
S ^ tS^o ^ lum,nanc e stop e obtained by varying the distance between the shield members 40a and 

40b. The shape of the aperture created in the pupil of the objective lens can be controlled by freely shifting the shSd 
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members 40a and 40b. Specifically, since the angle and amount of illumination light for illuminating the sample 30 are 
successively varied, the ratio in intensity between the illumination light directly entering the objective lens and the dif- 
fraction light emanating from the sample can be successively controlled. Optimal observation can be performed accord- 
ing to the sample. 

5 [0035] If the shield members 40a and 40b are shifted to shut off the pupil C, as shown in FIG. 1 1 B, direct fight inci- 
dent on the objective lens can be cut to achieve dark-field illumination for observing scattered light from the sample. In 
this case, the amount and angle of dark-field illumination light can be controlled by varying the distance between the 
shield members and the position of each shield member in the state in which the pupil C is shut off. 
[0036] The above optical system is applicable to a stereomicroscope. FIGS. 12A to 12D correspond to FIGS. 86, 

10 9B, 10B and 11B and show positional relationships between the pupils and shield members in the case where the 
above-described optical system is applied to a stereomicroscope. In FIGS. 12A to 12D, circles denoted by symbols CI 
and C2 represent pupils corresponding to the apertures of the right and left objective lenses of the stereomicroscope. 
Circles denoted by symbols B1 and B2 represent light incidence states at the pupil positions of the right and left objec- 
tive lenses. 

75 [0037] A description will now be given of an example of the structure wherein the transmission-illumination appara- 
tus according to the present invention has been applied to the stereomicroscope. FIG. 6 is a side view of the entire 
structure of the stereomicroscope. The stereomicroscope 200 comprises a transmission-illumination frame 205 having 
a lever 210a (210b) (to be described later) for switching shield members, filter levers 202, a volume dial 203 and a mir- 
ror-inclination adjustment lever 204 which is provided where necessary; a lamp house LH; a focusing section F; a focus- 

20 ing handle FH; a lens-barrel K; a lens body KB; an objective lens receiver T; and eyepiece lenses EO. A sample S is 
placed on the surface of the transmission-illumination frame and it is observed by means of two right and left eyepiece 
lenses EO. 

[0038] A driving mechanism for the shield members 40a and 40b will now be described with reference to FIGS. 1 3 
to 16. 

25 [0039] As is shown in FIG. 13. shield members 40a and 40b are attached to inside portions of distal end portions 
of two slidabie levers 21 Oa and 21 0b, which are individually penetrated through a wall of a frame body 205a of the trans- 
mission-illumination frame 205 shown in FIG. 6. The levers 210a and 210b are independently operable in directions of 
arrows. Thereby, as shown in FIGS. 9 to 1 1 , the shield members 40a and 40b can be moved in a direction (a front-and- 
rear direction in respect of the observer) perpendicular to a direction parallel to a plane including optical axes of the right 

30 and left observation optical systems. A translation mechanism (not shown) may be provided at rear end portions of the 
levers 210a and 210b such that both shield members are interlocked. 

[0040] FIG. 1 4 shows a second example of the structure of the shield members and the driving mechanism there- 
for. 

[0041] Shield members 40a and 40b are attached to inside portions of distal end portions of two levers 21 1a and 
35 211 b, which are independently slidabie in the directions of arrows and are individually penetrated obliquely through a 
side wall of the frame body 205a. Like this example, the operation lever for moving each shield member can be attached 
at a given position of the side wall of the frame body 205a, and the shape of each shield member can be freely changed 
in accordance with the position of attachment (a pentagonal shape in the figure). In this example of the structure, too, 
a translation mechanism may be provided at rear end portions of the levers 21 1 a and 21 1 b such that both shield mem- 
40 bers are interlocked. 

[0042] FIGS. 1 5A and 1 5B show a third example of the structure of the shield members and the driving mechanism 
therefor. FIG. 15A is a plan view, and FIG. 15B is a side view. 

[0043] As is shown in the figures, shield plates 40a and 40b are provided respectively with slots 40a1, 40a2 and 
40b1 and 40b2 extending obliquely (directions Y1 and Y2) as well as slots 40a3 and 40b3 extending in the right-and- 
45 left direction. 

[0044] Two slidabie levers 212a and 212b are individually penetrated through a side wall of the frame body 205a. 
Pins 213a and 213b engaging the slots 40a3, 40b3 formed in the shield members 40a, 40b are formed at distal end 
portions of the levers. Links 215a, 215b, 215c and 215d engaging the slots 40a1, 40a2 and 40b1, 40b2 formed in the 
shield members 40a, 40b are provided on a bottom surface of the frame body 205a. 
so [0045] Thus, if the levers 212a and 212b are inserted and withdrawn in the directions X1 and X2, the shield mem- 
bers 40a and 40b are moved in the directions Y1 and Y2 along the slots and also moved in the right-and-left direction 
relative to each other. 

[0046] FIGS. 1 6A and 1 6B show a forth example of the structure of the shield members and the driving mechanism 
therefor. FIG. 16A is a plan view, and FIG. 16B is a side view. This driving mechanism includes a cam mechanism in 
55 addition to the above-described link mechanism. 

[0047] An axially movable and rotatable cam shaft 220 is penetrated through a side wall of the frame body 205a. 
Cam followers 221a and 221b to which shield members 40a and 40b are attached are provided on the cam shaft 220. 
Rotation hold shafts 222a and 222b are provided on the cam followers 221a and 221b. One end portion of each of the 
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22^ ff 3 and 22215 15 e " 9a9ed "** a slot 2253 formed in a portion 225 of the frame body 205a 
Sbt^S^ °h 1 *? ^ foltower 221a ' 221b - ™ e ^er end portion of each of the rotationZ snS iX 

M 2 « 03 9 oT 6 2 *• 22015 formed in the cam 22 °- ^ the cam shaft 220 is rotated by 

a knob 220c, the cam followers 221a and 221b are axially moved. ' 

5 ITS! 9 ^camshaft 220 is moved axially (in the direction of arrow X). the shield members 40a and 40b 

can be movedtoward, and away from, each other and accordingly the distance therebetween can be varied. 

Eve I jSTJlL «. aboveK,escribed shield membere a* driving mechanism, the pupils of the right and left 
objective lenses of the stereomicroscope can be uniformly reduced in the front*nd-rear direction. Since the right and 

ELK* m l unri T y r6dUCed> n ' 9ht and ,eft imaoes are viewed ^ same manner. A stereoscope eScJ 
^* n9 l an K left *«eW*B the stereomicroscope. In this case, by moving the S menSS 4ot 

^^LT^TJt:** m ™T ° n *• action light can be fre«?y adjusted anSSSS 

22 1 P T ^ Wh " e success,ve, y ^ng contrast. Moreover, direct light can be cut off by approaching the 
shrew members 40a and 40b to each other, and dark-field observation can be realized. As described TcLfZcl the 
^ of hgh. .ncident on the pupil of each objective lens, the contrast can be freely JSSStXSS ^ 

££EJ£S? T ™ 06 enhanced ^ observation for various samples ^Ted The 

above-described dnving mechanism is applicable to ordinary microscopes 

2i5i**S? TtXTT^ *° 8 0386 Wh6re invention is to a" ordinary microscope. P ' 

5»f k; I , ° 17Cshow a structure for partly controlling light intensity for an aperture created at theouoil 

mSSS ?* " ^ in F,G - 17A> Sn memberfor COntrol,in 9 »9ht intensftTfor exarnje^ ND SS 
M . density) fdter 45. ,s movably disposed near one of the shield members. 40a. The fitter 45 can move fn tteTrerton 
ofthe arrow, as shown ,n FIG. 1 7B. independently from the movement of the shield member 40a 
SSL JUil J 7B " L 69 ' 0 " 8 ^ 6 ' 6 the Pupil C is shie,ded b * *• shield member 40a and 40b are indicated by 
"iemed' bv Te **JZZ ** 45 * by With this structure. asre£ 

resented by the pupil B. regions with different amounts of light can be created in the pupil of the objective lens (In ttTe 

a ^ion f ^ "T* ° * a " ° P6nin9 ^ 3nd 8 re9ion indicated 5 aUol E Sa^fiS 
taS S2?J25S ' S ^ by ' ^ 45 in the 0Pe " in9 re9ion) " * 3 resu,t " "» amount of illumine 
££5? S St 2? *f . TJ^' 6 080 be reduced ' and a f ine area of the sample can easily be observed with high 
SSSSSSt . S •*"■ 4031 405 and m& 45 are ^ 35 desired, the angle of illumtnaTn tight 

t jSlJt ^, 1 ^P' 6 ' S Vaned and the rati0 between ^e illumination light directly entering the objective lens and 
the diffraction light emanating from the sample can be adjusted more finely ' 

5 ^ 1 £ hou ? h th fi ilter u 45 I ' s 80 d' 8 " 08 * 1 as to overlap the shield member 40a. it is possible to provide another 
SL? ^rT n h 0t 1,16 *f member ^ Tnis increases the degree of freedom of illumination. 

"^^'a^the structure for partly corbelling me light 

a Sni?nn P ra TnL I w" ^ ^ 3 8n0wn h RG - 18A ' ^ ND fi| t er s 45a and 45b with different ligW 

' n » a mann6r ne3r ° ne Shield member 403 T» t*o ND filters are movable inde- 
pendently from each other as well as from the shield members 40a and 40b 

' S ,nCre3Sed - A Phase-sample, etc. can be made visible, and the contrast can be controlled more 
Shield ST ^ ^ t00> ,Bt6rS 453 ^ ^ °' the same structure may be d^c^fsiTS 
^? 6 L„ 3bove -df 8crib « 1 structure, the ND filter is used as a member for controlling the light intensity. How- 
s"LTf.G 3t the 030 56 COntrol,ed 38 d-red For examp.e" 

Kfso as ^ TJ" a * fie0ni 3 P 01 ^'" 9 P ' ate 466 is d^sed near the shield mem- 

ber 40a so as to be movable in the directron of the arrow. Thus, if the polarizing plate 46b is overlaooed over the 
polarrzing plate 46a and the polarizing plate 46a is rotated, the light intensity at the ^verlap^eZ Sb^lT 
swely controlled, and the contrast of the phase sample can be successively varied 

I°S^J Ven u 3 ^ Uid C J ry ! tal P 3 " 61 is s"hstftuted for the above-described ND filter or polarizing plates the same 
advantages can be obtained. Specifically, by controlling the vottage applied to the liquid crystal panel the shape oTme 

Sth« JiL?^ 6 ^ 41 fe ^ ""^ed 3 s to reduce the pupil A with the maximum numerical aperture at 
which the condenser lens 26 can perform illumination. By controlling the aperture stop 41 along with the shield menv 
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bers 40a and 40b, the fight at regions G and H can be cut off. as shown in the figure. Specifically, the aperture region 
of the pupil B of the objective lens can be limited in the longitudinal direction by narrowing the aperture stop 41 . More- 
over, dark-field illumination light which does not directly enter the objective lens can be adjusted. The provision of the 
aperture stop 41 is applicable to all of the above-described examples of the structure. 
5 [0060] The direction of movement of the shield member 40a, 40b is not limited if the aperture shape of the pupil of 
the objective lens can effectively be controlled. For example, as shown in FIGS. 20A and 20B, the shield members may 
be so constructed as to be rotatable about axes 40p and 40q extending in the right-and-left direction. In this case, too, 
the aperture shape of the pupil of each objective lens can be effectively controlled. 

[0061 ] In the description with reference to FIGS. 1 7 to 20, the ordinary microscopes are employed by way of exam- 
io pie. The optical system shown in each figure is similarly applicable to stereoscopic microscopes. The positional rela- 
tionship between the pupil and shield members in the stereomicroscope is the same as shown in FIG. 1 1 . Specifically, 
it is as shown in FIGS. 21 to 26. 

[0062] FIGS. 27 to 29 show modifications of the shield members. These modifications are suited to ordinary micro- 
scopes. 

75 [0063] In a structure as shown in FIG. 27, one shield member 40d has an L-shape and the other shield member 
40c has a rectangular shape. The shield members 40c and 40d with these shapes are so constructed as to be movable 
in the front-and-rear direction and the right-and-left direction. In addition, the shield member 40c is so constructed as 
to be rotatable in a plane perpendicular to the optical axis. Thereby, as shown in FIGS. 27A to 27D, the aperture shape 
of the pupil of the objective lens, and accordingly the illumination light directly entering the objective lens, can be sue- 

20 cessively adjusted (in the figures, a hatched region in the pupil C is a region shielded by the shield members 40c, 40d). 
Furthermore, as shown in FIG. 27E, dark-field illumination can be performed by shielding the pupil C alone. In this case, 
by partly shielding the pupil A, the light amount at the time of dark-field illumination can be successively adjusted and 
the degree of freedom for observation of the phase-sample can be improved. 

[0064] FIG. 28 shows an example of the structure wherein four square shield members 40e are disposed at (or 
25 near) positions conjugate with the pupil position of the objective lens. As is shown in FIGS. 28 A and 28B, the shield 
members are moved in the front-and-rear direction and the right-and-left direction. Thereby, bright-field illumination can 
be switched to oblique illumination and to dark-field illumination, while the angle of incidence of illumination light is being 
varied. If each shield member 40e is made rotatable or an aperture stop is provided additionally, the degree of freedom 
for illumination increases and the degree of freedom for observation of the phase-sample improves. 
30 [0065] FIG. 29 shows an example of the structure wherein rectangular shield members 40f each having a quadran- 
tal notch 40h, as shown in FIG. 29A, are disposed at (or near) a position conjugate with the pupil position of the objec- 
tive lens. If the shield members are put in contact, as shown in FIG. 29B, a shield member with a central circular 
aperture is formed. Using this, oblique illumination can be performed with a circular aperture. If each shield member is 
shifted in directions of arrows, various aperture shapes can be realized, for example, as shown in FIG. 29C. 
35 [0066] As has been described above, even where the number of shield members is two or more or the shape of 
each shield member is not rectangular, the aperture shape of the pupil of the objective lens can be freely controlled. It 
is possible to visualize a transparent phase-sample and to successively control the contrast. 
[0067] In the above structure, it is preferable to shift the shield members so as to meet the following condition for 
the ratio (D2/D1) of D2 to D1 : 

40 

D2/D1<0.5 (Condition 1) 

where D1 is the area of the pupil of the objective lens, and D2 is the area of the aperture created in the pupil of the 
objective lens by the shield members. By meeting Condition 1 , the transparent phase-sample can be made visible with 
45 good contrast. 

[0068] Specifically, the ratio (D2/D1) of D2 to D1 is a ratio between direct light directly entering an objective lens 
through a sample and diffraction light due to the sample, and it is a numerical value representing the degree of oblique 
illumination. If the above condition is satisfied, diffraction light from the sample can be taken in and oblique illumination 
with a reduced ratio of direct light or dark-field illumination can be realized. Thus, the transparent sample can be made 

so visible with high contrast. 

[0069] In the above structure, in order to visualize the transparent phase-sample with high contrast, an illumination 
optical system having a condenser lens which can take a large illumination angle, as in oblique illumination or dark-field 
illumination, is required. Moreover, it is important to visualize a phase-sample, as the illumination range of the con- 
denser lens increases, that is, as the magnification decreases. If the range for observation increases, the efficiency for 

55 observation improves. 

[0070] In general, a certain relationship is present between the magnification of an objective lens and the numerical 
aperture. The magnification and numeral aperture of the objective lens have the following values in approximation 
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(TABLE 1) 



Magnification of Objec- 
tive Lens 


Numerical Aperture 


0.5 


0.02 


1-1.25 


0.04 


2 


0.08 


4 


0.16 


10 


0.4 


20 


0.7 (Dry System) 0.8 (Oil- Immersion System) 


40 


0.95 (Dry System) 1.3 (Oil-Immersion System) 


100 


0.95 (Dry System) 1.4 (Oil- Immersion System) 



*, a J Vssum " 19 *"* the maximum numerical aperture at which the condenser lens can perform illumination is 

Iln\n TTJ^! rtUre ° f thS ° bjeCtive ' enS at ^ *• maximum "'Nation range of the condenser lerj 
can be observed ,s NA2, the transmission-iHumination optica, system should preferably have a condenser .en?wh1* 



25 



30 



35 



40 



45 



50 
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NA2/NAK0.6 (Condition 2) 

£2L ^ refl f!? S 1118 ° bieCtive l6nS " hfch tne maximum illumination range can be observed if Condition 2 is 

rolTn^o J™™?" S£ h3S 3 ,ar9S il,umina,ion an9le and does not enteSe SSe tens 
^ I 6 "' um,naton ."*» components for oblique illumination including dark-field illumination can be suffi- 
aentJy ma.nta.ned he degree of freedom for illumination is increased in a range from oblique ISon to da* fSd 

Jh™ 9 ^ 2 0b,ectve lens Increases - *e region for oblique illumination including da£field illumination 

C^ndZ f T^V C * ** ? inCre8Se in ma 9 ni,ication <* *• objective lens. It is therefore necessa^TS 
Condfton 2 not only ,n tow-magnif.cat.on observation but also in observation with other magnification. 

So? hJ^£!£ !"*"■. „ are H situated * or near »e front^ide focal position of the condenser lens, as shown in 
£ne \ £ deDend 'n9 on the des,gn of the optical system of the microscope, they may be situated at various pos." 
l-L eXample 01 such m 0ptical system wi " now 06 describe d w «h reference to FIG 30 

E Sh0W l a S ?f Jre r6latin9 to 8 modified desi9n of 106 transmission-illumination optical system in the 

optical system shown .n FIG. 7 (the same elements as in FIG. 7 are denoted by like reference numerals) Sl s 

Z^SST? 2f? T^S fe,ay IT 565 60 ^ 61 afe ProVided between «» d ^° n SarS SlSion 
™1h^, S. ? \ f f a T V to *" 8trUCtUre ' " 9ht from me ,i9ht 20 is converted to parallel light by 
means erf the collector lens 21 and then passed through the relay lens 60. thereby forrrtr^ a prln^liflnt^ fmaS 
the focal posrtion Seated by symbo. P3). The primary light-source image is projected at L fro^-JdeSca^tion 

stoo^S * "rrj* 960 ™ *' ^ 61 ■ defteCti0n mirTOr 24 P^ection lens 25^7^ S 
stop, and the stop 41 functions as an aperture stop. 

US? ^ CC ° rdi H? 10 ** 0ptiCai System> 106 shield me moers 40a and 40b with the above-described structure for 
SnttT^rlT 6 StmC,Ure deSCrbed ^ ran 06 ^od at or near the positionTofTeS^ 
hght-sourceimage wh.ch .s conjugate with the pupil of the objective lens 31. With this strurfuVTtoo. each shield n^ 

SIKH'S ^T" 1 "? ^ 9 **** ° f «*» il,Uminati0n 0r dark " ,ield *^£2si 
L SI J5? of llummating a reg.on with a low magnification or a very low magnification, the condenser lens 

sremoved from fte .llum.nation optical path or the condenser lens for use in illumination with a magnification ofxTo! 

S^SSS22 ZT £2 >n J? S ^ *»e pupil position ofV^ctVe ,ei 

-^°u u 6 , f ' eld ^ 23 at m e front-side focal position of the projection lens 25. Accordingly the same effect 
■s obta,ned by movably disposing the shield members with the above structure at or near the position' of ££H£ 

t f oS^t a l^n^ V ^!^J^ OTi ^^ illUmina1i0n ^ SyStem " t" 6 Election mirror 24 may be constructed 
^3 «' t ^. eCa f e0, 1 the stereomrcroscope shown in FIG. 6. the deflection mirror 24 is rotated by ope^the 
m.rror-.ncirnaton adjustment lever 204. Since the deflection mirror 24 « thus rotatahe. the angle of illum'nSK 
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the sample can be desirably adjusted in the oblique illumination mode or dark-field illumination mode. 
[0077] In the above structure, the condenser lens used in the transmission-illumination optical system is con- 
structed to be switchable according to the magnification of the objective lens. Specifically, at least one lens group pro- 
vided between the aperture stop of the condenser lens and the sample is held/detached or replaced with another lens 
group in accordance with the objective lens with a low magnification or the objective lens with a high magnification. In 
the condenser lens with this structure, it is preferable to dispose the above-described shield members at or near the 
pupil position of the condenser lens in the low-magnification mode. 

[0078] The reason why the shield members are disposed at or near the pupil position of the condenser lens in the 
low-magnification mode will be stated below. With the illumination method according to the present invention, exact 
information is not necessarily be obtained for the sample observed in the high-magnification mode with a large numer- 
ical aperture. In the low-magnification mode, a scattering phenomenon due to illumination, rather than a diffraction phe- 
nomenon, will occur. In addition, in the observation in the low-magnification mode, it is necessary to make visualization 
with the contract varied successively, rather than to place much importance on the resolution. 
[0079] If the shield members for controlling the aperture created in the pupil of the objective lens is disposed at the 
pupil position of the condenser lens in the low-magnification mode, the illumination can be changed successively from 
the bright-field illumination to oblique illumination and then to dark-field illumination, as descrfoed above, even in the 
low-magnification mode for visualizing the phase-sample. Thus, the contrast of the phase-sample can be successively 
varied. In addition, in the high magnification mode, by using in combination a universal condenser which is a condenser 
lens capable of phase-contrast observation or differential-interference observation, the respective illumination modes 
can be switched. Specifically, a structure can be adopted such that in the observation with a low magnification the struc- 
ture and distribution of the entire phase-sample can be made visible with high contrast using the above-mentioned illu- 
mination method and in the observation with a high magnification the detailed structure can be observed using the 
conventional observation method such as the phase-contrast method and differential-interference method. 
[0080] In a case where the condenser lens wherein, as described above, at least one lens group provided between 
the aperture stop of the condenser lens and the sample is held/detached or replaced with another lens group in accord- 
ance with the objective lens with a low magnification or the objective lens with a high magnification is used in the trans- 
mission-illumination optical system, it is preferable to meet the following condition: 

F1/F2<0.45 (Condition 3) 

where F1 is the focal distance of the condenser lens in the high-magnification mode, and F2 is the focal distance of the 
condenser lens in the low-magnification mode. 

[0081] If the condenser lens is designed to meet Condition 3, good illumination can be achieved by switching the 
two condenser lenses in a range from a high magnification to a low magnification and to a very low magnification. In 
particular, in the range from a low magnification to a very low magnification, the illumination can be freely varied by 
means of the above-mentioned shield members for controlling the aperture shape created in the pupil of the objective 
lens. Thus, the transparent phase sample can be visualized with high contrast. 

[0082] Examples of the structure of the condenser lens used in the microscope transmission-illumination apparatus 
of the present invention will now be specifically described. 

(Example 1 of Structure) 

[0083] FIG. 31 shows a condenser lens used for a high magnification. A lens system comprises lens groups L1 , L2 
and L3. The condenser lens includes an aperture stop 70 and a special observation turret disc (not shown), such as a 
phase-contrast ring slit, a differential-irtterference prism or a dark-field ring slit, provided at a pupil position P1 of the 
condenser lens. A sample is placed on a slide glass 72 and disposed in a stage plane. The shield members 74a and 
74b having the above-described structure are movably disposed near the pupil position P1 . 
[0084] The structure of the condenser lens will be shown below. 

[0085] Symbols r1, r2, • • • denote the radii of curvature of respective lenses arranged in order from the light 
source side. 

[0086] Symbols d1 , d2, • • • denote thickness of air gap or glass member. 

[0087] Symbols nd1, nd2, • • • denote d-line refractive indices of respective lenses: 

[0088] Symbols v1 , v2, • • • denote Abbe numbers of respective lenses. 

[0089] The aperture stop (70) is situated at a position of 1 0.4 from a first plane on the light-source side. 
[0090] The pupil (P1) is situated at a position of 5.40 from the first plane on the light-source side. 
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[0091] 
[0092] 
[0093] 
[0094] 
[0095] 
[0096] 



r1= 111.02 


d1=8.77 


ndl =1.48749 


v1=70.2 


r2o -17.26 


d2=3.16 


nd2«= 1.58921 


v2o41.i 


r3= -59.01 


d3=0.11 






r4= 21.59 


d4=8.69 


nd3=1.741 


v3=52.7 


r5= -27.78 


d5=2.3 


nd4=1. 84666 


v4=23.8 


r6= 79.83 


d6=0.23 






r7= 8.28 


d7=6.9 


nd5=1.741 


v5=52.7 


r8= 12.58 


d8=3.64 








r9=oo(st 


age plane) 





The focal distance of the condenser lens is 13.28 mm. 
The maximum illuminable numerical aperture NA1 is 0.9. 

The magnification of the objective lens corresponding to the maximum illuminable range is X10 
The numerical aperture NA2 of the X10-magnification lens is 0.4 from Table 1 
Since NA2/NA1 = 0.444 , Condition 2 is satisfied. 

that of i^^'Tl* 16 a J we . C0 " denser lens - the P"P« diameter of the condenser lens is sufficiently greater than 
rtlTa^'^ rl ^ ,6nS ' and obl ^ e *™*™ components including darMield illumination for ill* 
rn.nat.ng the sample is obtained. Thus, the transparent phase-sample, etc. can be visualized and the contrast varied 

S nnTth ? PUP ° f 1,16 ° bjective ,ens - ln addi *>" to the illumination apparatus of the present Mention 
Zil l rrJ 8 '?! Phase-contrast observation, differential-interference observation and dark- field 
observation can be performed, and the illumination optical system permitting various observation methods is realized 

£ andmSi 5 ^ ^ "* *" Wherei " the ShieW membere 74a - ™> « disS in tnf turret 
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(Example 2 of Structure) 

EdS T^Jt^™? 3 COn f!T Ser ' enS US6d for 3 hi9h masnif ication - A lens s ^em comprises lens groups L1 . L2 
and US. The condenser lens .ncludes an aperture stop 70 and a special observation turret disc (not shown) 7uch asa 
'. a dtff ? rentia| - irterf ^nce prism or a dark-fiefc. ring slit, provided at a pupTpSn PI d 11 

[0098] The structure of the condenser lens will be shown below 
[0099] Symbols M, r2, 
source side. 

denote thickness of air gap or glass member. 
• • denote d-line refractive indices of respective lenses, 
denote Abbe numbers of respective lenses 
The aperture stop (70) is situated at a position of 5.25 from a first plane on the light-source side 
The pupil (P1) is situated at a position of 0.25 from the first plane on the light-source side. 



• denote the radii of curvature of respective lenses arranged in order from the light 



[0100] 
[0101] 
[0102] 
[0103] 
[0104] 



Symbols d1 , d2, • • 
Symbols nd1, nd2, 
Symbols v1, v2, 
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r1= 43.66 


d1=9.0 


nd1 =1.56873 


v1=63.2 


r2=-21.71 


d2=1.9 


nd2=1. 78472 


v2=25.7 


r3=-61.47 


d3=0.3 






r4= 12.79 


d4=6.4 


nd3=1.58913 


v3=61.0 
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(continued) 



5 



r5= 24.9 


d5=0.3 






16=7.07 


d6=8.0 


nd4=l. 62041 


v4=60.3 


r7=-34.01 


d7=1.1 


nd5= 1.72825 


v5=28.5 


r8=oo | 


d8=0.6 


(nd6=1.515 


v6=43.1) 




r9=w (stage plane) 





[01 05] The focal distance of the condenser lens is 1 0.00 mm. 
[0106] The maximum illuminable numerical aperture NA1 is 1.37. 

[0107] The magnification of the objective lens corresponding to the maximum illuminable range is X20. 
[0108] The numerical aperture NA2 of the X20-magnification lens is 0.7 from Table 1 . 
[0109] Since NA2/NA1 = 0.51 1 , Condition 2 is satisfied. 

[01 1 0] According to the above condenser lens, the pupil diameter of the condenser lens is sufficiently greater than 
that of the low-magnification objective lens, and oblique-illumination components including darfrfield illumination for illu- 
minating the sample is obtained. Thus, the transparent phase-sample, etc. can be visualized and the contrast varied 
successively by movably disposing, near the aperture stop position, the shield members for controlling the shape of the 
aperture created in the pupil of the objective lens. In addition to the illumination apparatus of the present invention, 
according to the condenser lens, the phase-contrast observation, differential-interference observation and dark-field 
observation can be performed, and the illumination optical system permitting various observation methods is realized. 
The advantages can be obtained with the structure wherein the shield members 74a and 74b are disposed in the turret 
disc and moved. 

25 

( Example 3 of Structure) 

[0111] FIG. 33 shows a condenser lens used for a iow magnification. Shield members 74a and 74b are movably 
provided for controlling the shape of the aperture created in the objective lens. This condenser lens has, in a lens sys- 
30 tern, an aperture stop 70 and five lenses including junction. A sample is placed on a slide glass 72 and disposed in a 
stage plane. The shield members 74a and 74b are disposed near the aperture stop 70 which is close to the pupil posi- 
tion. 

[01 1 2] The structure of the condenser lens will be shown below. 

[0113] Symbols r1, r2, • • • denote the radii of curvature of respective lenses arranged in order from the light 
35 source side. 

[0114] Symbolsd1,d2, • • • denote thickness of air gap or glass member. 

[0115] Symbols nd1, nd2, • • • denote d-line refractive indices of respective lenses. 

[01 1 6] Symbols v1 , v2, • • • denote Abbe numbers of respective lenses. 

[0117] The aperture stop (70) and pupil (P1) are situated at a position of 20.0 from a fourth plane on the sample 
40 side. 



45 



50 



55 



r1= 27.892 


d1=5.3 


ndl =1.77250 


v1=49.6 


r2=oo 


d2= 2.34 






r3=-92.482 


d3= 2.80 


nd2=1 .74077 


v2=27.79 


r4= 92.482 


d4=48.91 






r5r=-19.919 


d5= 2.45 


nd3=1 .84666 


v3=23.78 


r6=ao 


d6= 5.55 


nd4=1. 59551 


v4=39.21 


r7=-18.184 


d7= 0.2 






r8=ao 


d8= 3.59 


nd5=1.7725 


v5=49.6 


r9=-34.61 


d9= 3.8 







r9=oo (stage plane) 
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[0118] The focal distance of the condenser lens is 74.94 mm. 
[0119] The maximum illuminable numerical aperture NA1 is 0.16. 

3D 8 ma9ni,ication <* lens corresponding to the maximum illuminable range is X1 25 

EU-U ""merical aperture NA2 of the X20-magnification lens is 0.04 from Table 1 

[0122] Since NA2/NA1 = 0.25 , Condition 2 is satisfied. 

K tho ^ J ' tiin9 10 *!? ^ ? ndenser lens> ,he pupil diameter rt t" 6 denser lens is sufficiently greater than 
SunTn^r^^ 0 " ,e K nS ' 3nd ^^""™*>" components including dark-fieW Muminafen 

S SSJI^Sk J*""*- ThUS ' ^ """P"™* Ptoe-sample. etc. can be visualized and the contrast var- 
mt ^Tl* ^L m0V f y T the aperture P 08 * 0 "- * e 5hield members for controlling the shape of 

^™ * a" "? T' ° , * e ,6nS - additi0n - as descrtoed in «"»*» "» the prior art, in the 

SSSTJ? T 9 i r i n T '?° '" Umina1i0n tor VteuaB2in 0 the Phase-sample and varying the contrast Accord 
mg to this example of structure, the .llumination which is unavailable in the prior art can be realized. 

(Example 4 of Structure) 



EL „2 shows the structure of a condenser lens in which at least one lens group provided between an aper- 

SucS VT* T T ^JS* aCC0,din9 *° 8 hi9h unification and a low magnification. FIG. 34A sho^ a 

structure for a h.gh-magnrf.cat.on mode and FIG. 34B shows a structure for a low-magnification mode 

[0125] The condenser lens used in the high-magnification mode has the same structure as shown in FIG 31 In the 

^n l6nS 9 J° UPS 12 ^ U ^ Shmed 0Ut ° f the il,uminafon optical ^ a lens grcup' U in 
S SJSS ^ - 8 ' M PfcCal Path " ShiS,d m8mb6rE 743 and 74b for confro,li "9 aperture created in 
EX? -r?' mWab ' y diSP ° S9d nSar the Pupil P 05 * 00 P1 in 1,16 Magnification mode 

[0126] The range of .llum.nation in the high-magnification mode corresponds to a range of X10 to X100 and the 
range of illummation in the low-magnification mode corresponds to a rangeof X1 25 to X4 
[0127] The structure of the condenser lens will be shown below 

source side Symb °' S * ' " * CUrVatUre ° f feSpeClive lenses arran0ed in 0,der ,rom the *■* 

[0129] Symbols d1 . d2. • • • denote thickness of air gap or glass member. 
[0130] Symbols nd1 , nd2, • • • denote d-line refractive indices of respective lenses 
[0131] Symbols v1 , v2, • • • denote Abbe numbers of respective lenses 
(In the high-magnification mode: X10 to X100) 

SIS! 2 6 ap> ^ B ! 0p . ( * 9 iS Situated at a posifon <* 10 4 a first plane on the light-source side. 
[0133] The pup,l (Pi) is srtuated at a position of 5.40 from the first plane on the light-source side. 





r1 =111.02 


d1=8.77 


nd1=1 .48749 


v1=70.2 




r2=-17.26 


d2«3.16 


nd2=1 .58921 


v2«41.1 


40 


r3=-59.01 


d3=0.11 








r4=21.59 


d4=8.69 


nd3=1.741 


v3=52.7 




r5=-27.78 


d5=2.3 


nd4=1 .84666 


v4=23.8 


45 


r6= 79.83 


d6=0.23 








r7= 8.28 


d7=6.9 


nd5=1.741 


v5=52.7 




r8= 12.58 


d8=3.64 







so 



r9=oo (stage plane) 



55 



(In the low-magnification mode: X1 .25 to X4) 

m S I" aPe ?^f t ° P (70) iS SltUated at a pOS ^° n of 10 4 from fir5t P ,ane on ^e light-source side 
[0135] The pupil (Pi) IS situated at a position of 24.3 from the first plane on the light-source side 
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M =11 1.02 


d1 = 8.77 


nd1 =1.48749 


v1=70.2 


r2=-17.26 


d2= 3.16 


nd2=l .58921 


v2=41.1 


r3=-59.01 . 


d3=11.33 






r4=oo 


d4= 6.9 


nd3=1.51633 


v3=64.1 


r5=-30.0 


d5= 3.64 







15 



[0136] The focaJ distance F1 of the condenser lens in the high-magnification mode is 13.29. 
[0137] The focal distance F2 of the condenser lens in the low-magnification mode is 43.63. 

F1/F2 = 0.30 



20 



[01 38] According to the above condenser lens, the shield members are disposed near the pupil position in the low- 
magnification mode. Thus, in the range of X1 .25 to X4, the phase-sample can be visualized and the contrast varied suc- 
cessively. Accordingly, in the region of a very low magnification to a low magnification, the phase-sample can be visu- 
alized and observed using the above-described low-magnification condenser lens. In addition, in the high-magnification 
mode, the phase-contrast observation, cfifferential-interference observation and dark-field observation can be per- 
formed. 



25 (Example 5 of Structure) 

[0139] FIG. 35 shows a structure of a condenser lens which is switched in use in accordance with a high magnifi- 
cation and a low magnification. FIG. 35A shows a structure for use in the high-magnification mode, and FIG. 35B shows 
a structure for use in the low-magnification mode. In this case, the condenser lens used in the high-magnification mode 
has the same structure as shown in FIG. 31 . and the condenser lens used in the low-magnification mode has the same 
structure as shown in FIG. 33. 

[0140] The structure of the condenser lens will be shown below. 

[0141] Symbols r1, r2, • • • denote the radii of curvature of respective lenses arranged in order from the light 
source side. 

[0142] Symbols d1 , d2, • • • denote thickness of air gap or glass member. 
[0143] Symbols nd1, nd2, • • • denote d-line refractive indices of respective lenses. 
[0144] Symbols vl, v2, • • • denote Abbe numbers of respective lenses. 



30 



35 



40 



(In the high-magnification mode: XI 0 to X100) 

[0145] The aperture stop (70) is situated at a position of 10.4 from a first plane on the light-source side. 
[0146] The pupil (P1) is situated at a position of 5.40 from the first plane on the light-source side. 
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55 



rl =11 1.02 


d1=8.77 


ndl =1.48749 


v1=70.2 


r2=-17.26 


d2=3.16 


nd2=1 .58921 


v2=41.1 


r3=-59.01 


d3=0.11 






r4= 21.59 


d4=8.69 


nd3=1.741 


v3=52.7 


r5=-27.78 


d5=2.3 


nd4=1 .84666 


v4=23.8 


r6= 79.83 


d6=0.23 






r7= 8.28 


d7=6.9 


nd5=1.741 


v5=52.7 


r8= 12.58 


d8=3.64 







r9=oo (stage plane) 
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(In the low-magnification mode: X1 .25 to X4) 

10147] The aperture stop (70) and pupil (Pi) are situated at a position of 20.0 from a fourth plane on the sample 



10 



15 



20 



r1= 27.892 


d1=5.3 


nd1=l 77P^n 


v i=4y.o 


r2=<x> 


d2= 2.34 






r3=-92.482 


d3= 2.80 


nd2=1. 74077 


v2=27.79 


r4= 92.482 


d4=48.91 






r5=-19.919 


d5= 2.45 


nd3=1. 84666 


v3=23.78 


r6=oo 


d6= 5.55 


nd4=1. 59551 


v4=39.21 


r7=-18.184 


d7*= 0.2 






r8=oo 


d8= 3.59 


nd5=1.7725 


v=49.6 


r9=-34.61 


d9= 3.8 







r10=oo (stage plane) 



[0148] 
[0149] 
25 [0150] 



The focal distance of the condenser lens is 74.94 mm. 

The focal distance F1 of the condenser lens in the high-magnification mode is 13 29 
The focal distance F2 of the condenser lens in the low-magnification mode is 74.94. 

F1/F2 = 0.18 



30 



35 



40 



45 



SO 



55 



S > a « ^ ,n9 ^f 6 ^ 0Ve condenser len s. the shield members are disposed near the pupil position in the low- 
magnrf.cat.on mod* TTius. m the range of X1.25 to X4. ^fim^K^mtbB^mMmaZiS^^ 
cessively. As regards the condenser lens in the high-magnification mode, since the optical e^ementTSse^ntrast 

vSr^^ 

S=nw Of?**!!?* in !H e r ?° n * 3 very ,ow unification to a low magnification, the phase-sample can be visu- 
al 1 T 9 > th « above .- described 'ow-magn»ication condenser lens. In addition, in the hTh-n?gnSn 
£2L /JSt^ n f ° bserv ! lon - ^rential-interference observation and dark-field observation can be per 

Se.^Lm^^2 XfT.T™ P€rmit,in9 Wta » 0bServafon methods is S^ce the positions of 

he shield members 74a. 74b srtuated in the low-magnification mode are close to the pupil position of the condenser 

^£ES2?TSZ ? 8PertUre Crea,Sd in ,he Pupil * *• «S» « b. colTed usS 

SS. T re ^ and7toWOT ^ h ^ eronden sef 'ens in the high-magnification mode. 
■ -? ab0Ve ' descnbed transmission-illumination optical system may be combined in use with a reflected-illu- 

rt^r st 0 ? (not shown) - since there is n ° need 10 *• phaseSr^s 1 : 

^nV ^Ji i 16 P" 386 -" 5 " 1 ^ observation objective lens, no loss occu* in the objective tensed f"uo- 
^ k h Hl , f SerVed ^ " igh bri9h1neSS - A fl ^escenc«olored transparent phase-sample can be vSual 
Z£££2£S!Z2 T abOV6 ^ ribed ^^n-illurnJnation system, whereby a ce7etc. which XSS 
cence-colored by reflected-fluorescence-illumination. can be observed. 

^^?lf , !? 0di T nt ? 1X656,11 inVenti0n Wi " now be described ^ reference to FIG. 36. FIG. 36 
shows a schematic structure of a transmission-illumination optical system in a stereomicroscope 
[0155] The transmission-illumination optical system comprises a parallel-beam member 82 such as a collector 
lens .for converting fight from a light source 80 such as a halogen bmp; a fi^ diffusion p.ate 83. ^Ta^SS 
for drffusmg a bght beam from the parallel^ member 82; a first collection member 85. such as a inSlens S 

££ 5? and 1 8 d o 6 J ,6Cti0n mhnr 87 to dsf,6Cti "9 *• light from the' second diS 

S ra lt^Lf^ ^ ? 6mb6r 88 ' Such as a ,ens - for collecting light from the deflection mirror 87 
and radiating the fight onto a sample 90 on a sample-mounting glass 89 

ioas to be^^^T T* 91 J 8 D8,Ween ^ S6COnd diffu8i0n p,ate 86 «» de,,ecfon mi ^ r 87 

secS?Sl^ir. ^ J 800 "" aUXWiary ^ lens 92 15 diSDOsed between the mirror 87 and the 

second collection member 88 so as to be shiftable. First and second shield members 95a and 95b having the same 
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structure as the shield members of the preceding embodiment are movably disposed between the second collection 
member 88 and second auxiliary convex lens 92. Shield members 95c and 95d having the same structure are movably 
disposed between the second diffusion member 86 and first auxiliary convex lens 91 . 

[0157] According to the above structure, light from the light source 80 is efficiently collected and substantial paral- 
5 leled by the parallel-beam member 82 and made incident on the first diffusion plate 83. The first diffusion plate 83 func- 
tions as a substantially uniform, large-area light source for the illumination field. The fight diffused by the first diffusion 
plate 83 is collected by the first collection member 85. The first collection member 85 functions to collect the light, which 
has been diffused by the first diffusion plate 83 in scattering directions, in a converging direction effective for illumina- 
tion. 

w [01 58] The light incident on the second diffusion plate 86 is further diffused along the converging direction. The sec- 
ond diffusion plate 86 diffuses light to meet the numerical aperture and becomes a final light source. The light diffused 
by the second diffusion plate 86 is deflected upward by the deflection mirror 87, made incident on the second collection 
member 88, and passed through the sample-mounting transparent member 89, thus illuminating the sample 90. 
[0159] The first auxiliary convex lens 91 interposed between the second diffusion plate 86 and deflection mirror 87 

75 functions to intensity the light beam and enhance the efficiency of use of light for the high-magnification objective lens 
having a narrower illumination field and a greater numerical aperture. The second auxiliary convex lens 92 interposed 
between the deflection mirror 87 and second collection member 88 functions to enhance the power of the convex lens 
in combination with the second collection member 88, thereby narrowing the illumination field and illuminating the sam- 
ple 90 at a greater angle. In other words, since the illumination optical system is switched according to the magnification 

20 of the objective lens, observation can be made under the optimal illumination condition. 

[0160] The high-magnification objective lens has a shorter focal distance, and the pupil-conjugate position in the 
illumination apparatus becomes as close as possible to the second collection member 88. In the case of the low-mag- 
nification objective lens, the pupil-conjugate position normally becomes away from there and located before the turning 
point of the optical axis at the deflection mirror 87. Accordingly, the brightness reduction is made by independently shift- 

25 ing each shield member 95a, 95b, and 95c, 95d to/from the optical axis, and also the oblique illumination can be 
achieved by displacing, as desired, each shield member from the optical axis. 

[01 61 ] The shield members 95a, 95b (95c, 95d) can be shifted by the driving mechanisms shown in FIGS. 1 3 to 1 6. 
The pupils of the right and left objective lenses are uniformly reduced by the shield members in the up-and-down direc- 
tion, as shown in FIGS. 12B to 12D and FIGS. 21 to 26. Since the right and left pupils are uniformly reduced, the right 

30 and left images are uniformly viewed. Thus, a natural stereoscopic effect is created by the right-and-left parallax char- 
acterizing the stereomicroscope. Moreover, like the above-described embodiment, the ratio between direct light inci- 
dent on the object lens of pupil and diffraction light can be controlled by shifting the shield members. Accordingly, the 
contrast can be increased or varied successively. Specifically, very fine contrast adjustment can be made for a sample 
with a fine structure. A matter, which is not observable in the prior art, can be observed. Since the stop is disposed at 

35 the position suitable for high magnification and low magnification, oblique illumination can be performed in a range from 
high magnification to low magnification. Furthermore, since the switching between the low magnification and high mag- 
nification is achieved by the addition of the lenses 91 and 92, the structure is simple and inexpensive. Since the two 
diffusion plates are disposed and the function of each diffusion plate is made clear, the optimal design for the optical 
system can easily be made with higher efficiency. There is no need to use a diffusion plate which has an unnecessarily 

40 great diffusion effect. 

[0162] FIG. 37 shows a modification of the structure shown in FIG. 36. This modification differs from the structure 
shown in FIG. 36 in that the deflection mirror 87 is made rotatable and the low-magnification-side shield members 95c 
and 95d are removed. 

[0163] This is based on a demand for high-magnification observation in a case of observing a fine structure, mainly 
45 from the standpoint of resolution. As regards low-magnification observation, a large visual field with a sufficient illumi- 
nation effect (oblique illumination) can be obtained with such a contrast as in the prior art by means of the rotatable 
deflection mirror 87a. In this way, high-magnification oblique illumination is performed using the shield members 95a 
and 95b, while low-magnification oblique illumination is performed using the deflection mirror 87a. Thus, the cost can 
be reduced. Besides, the operability is high since the oblique illumination can be made with the deflection mirror 87a at 
so a middle magnification at which the conjugate relationship of the pupil position is not sufficient. 

[0164] The illumination system according to the embodiment shown in FIGS. 36 and 37 is an example wherein the 
requirements for the illumination field and numerical aperture (pupil) are met at high magnification and low magnifica- 
tion. Accordingly, even if the above-described shield members are disposed at the pupil position of the conventional 
bright-field illumination apparatus, oblique illumination can be performed adequately. However, in order to fully exhibit 
55 general-purpose properties and effect in the oblique illumination, it is preferable to combine the illumination system with 
the above-described illumination system or an optical system having a wider visual field and a larger numerical aper- 
ture. 

[0165] In the illumination optical system shown in the figure, it is possible to integrate the first and second diffusion 
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Sl^nl^c . ^f 156 . 6 ^ C °" eCti0n memb6r ^ and teve 'ens effect shared by the first and second 

frS^f mfJ I' a ? 7T I ^ ^ f0Ca ' diStanCeS 01 * e first and "™* collection members 85 and 88. 

S^l JhtT^ 9 1 t *" , ™ d 3UXiIiary eBn "« ,enses 91 and «• Moreov ^ » * Possible to change the 

positions where the auxiliary convex lenses are interposed. 

5 ^ the embodiments shown in FIGS. 36 and 37. the following modifications may be made 

tWnL JiSflSl ^ m « mberS may be movab,y disposed 31 1" 0 locations ^"9^ with the high-magnifica- 
^ZT^ PUP " P 08 * 0 " 01 a *™m-stereoi»icroscope. Wrth this structure, carnal oblfc,ue 
illumination can be achieved at high magnification and low magnification 

, 0 2J2i th^M 0 ^ 031 SySt6 T ^ in 1,16 fi9ure ™ y to provided deflection member for deflecting 

£TS t^SlT^^ T fr ° m the ,i9W SOUrCe - ™» de,le <*°n ™mber is inclined to incline iBuminatJon 

SL ^ZS^S JSlf 0 " ° f 8n0ther defleCBOn member " 1,16 ran 9 e 01 il,u ™ati°n * increased. 
[0159] A third embodiment of the present invention will now be described 

SStinnl!?^ If *• Sh0Wi S 8 ta ^^*mtnaon optical apparatus disposed in a transmission- 

,5 5E2EEr 1 8, *™ 0, ™ crosco P e ^ e «ereomicr re copehastbestmctureasshovminFIG.6.andsotheshape 
rs of the entirety thereof is not shown. ^ 

I°rl 7 IL r iH e ^T i ^ 0n ' il,Uminati0n ° PliCal apparatUS acCordin 9 to *** embodiment, a bright-field optical system 
TJ S?t2? ? ^ e T re SWrtChab ' e by means of an °P« cal system switching mechanism (to be desS 
later). FIG. 38A shows the bright-field optical system. 

[0172] A light source 401 such as a halogen lamp is provided within a housing 300. Light from the light source 401 
deSSm H SU ^ a ' Para " e ' beamthrou 9 h a '^s 402. The substantial parallel beam isdef3bTl 

^SSZ^TH m,TOr) ^ l ° i,,Uminate 3 SamP ' e 309 p,aCSd 00 8 ^le-mounting glass (specimen 

Sfi 1 ! Pen,n9 3013 form9d in 8n W Surtace 301 of the housi "9 3 °° thi" case, the 
ooUector jens 402 e disposed such that the light-emission optical axis of the light source 401 is inclined in an obi que 
downwaid direction by about 5 to 10 degrees (6 degrees in this embodiment) to the horizontal direction^ 
ii 1 L l° P ^ a) !L be1Ween li9ht source 401 defle ction member 406. there are provided filters 41 0 

a drffusion plate 415 and a convex lens 420 of a substantially oval shape (see FIG. 38B) obtained by cutting out upoe 

™L ™ S^J^lTtSl additi ° a 8 ^ lens 407 ha ™9 a surface 407a L a dlsb^u - 
face 407b is provided between the deflection member 406 and sample-mounting glass 408 

EL Jn'SrH^ ST* 1,16 t*?T **** SVStem - ^ dark " field ^ ***** ™'" d es a second deflection 
Z^T.Z^Zf emitt6d fr0m th8 ,i9M ■ oun » ^ and a shield me mber 435 for obliquely 

^Xc^^Sl *Z "HP 6 "5 0rd6r 10 ^ the " 9ht ref,eCted by 1,16 second d6,lecti0 " ^er 
toward the circumference from the center at the optical axis, the shield member 435 comprises an upwardly ooenino 

C ^ "f^ mtt0t . 4361 3 CircU,ar Shie,d plate 437 attached to a W*™ <* the refl^cton mS^and a 

S"^- the **** upward by the second deflection member 430 is shut olf by the cir- 
cular shield plate 437. The reflect™ m,rrors 436 and 438 produce annular illumination with a large opening angle thus 
subjecting the sample 309 to dark-field illumination via the sample-mounting glass 408 

STL SeC °il d "J*?™ memb6r 430 and Shield member 435 be inte 9 ral, y forme °" °t. e g- a resin In this 
o^'i *eTeoa ^ * 10 8 m ^ 0r a,Uminum ,or reflec « na may be 

« E^43SS2S2SS2 SWitChaWe ^ mentS for 11,6 dark " fieW ° pfical system are tbe Election 
[0178] Referring to FIGS. 38A. 39A and 40, a description will now be given of the optical system switehinq mecha- 

ng mechamsm. as viewed .n a direction A in FIGS. 38A and 39A, with a bottom plate 302 of the housing removS In 

5 7 l^'lT 16 " 1 440 C ° mpriSeS 1,18 difhJSion member 41 5 - d9f 'ection member 406 and convex 

^ m^J SES ' and , ,heSe intS9rai,y COUp ' ed ' 31 ** proximal end to a bright-f iekl-side su^ 

SZ^Zr^T 9 h" t n, L Ular T**" 9 P** 00 4603 The darMieW ^Ptica' system 450 comprises the second 
end^r^^riS? ^ memb8r ^ 88 described above, and these are integrally couple? at their proximal 
« e ft ^ o p0rtOT f t ° adark ' field ^ des ^ rtm ember4 TO 

o tSe ioht ^inf S? 47 °j S Verti ?' y f,Xed to the upper suriace 301 of ^ housing 300 at a position opposite 
S T 4603 01 brigbt-field-side support member 460 and the mountingportion 

t1S^ffe^:^ SUPP ° rt 463 r0tatably ,itted on the *« 47 °- ln addi «^ ^ annular moul^ 

tion 480a formed at the proximal end of an operation lever 480 is rotatabfy provided on the shaft 470. The mounting por- 
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tions 460a and 463a are fixed to the mounting portion 480a by means of a fixing section (not shown). A knob portion 
480b is formed at a distal end portion of the lever 480. The knob portion is projected from a lever operation slot 303b 
formed in a side surface of the housing 300. 

[0181 ] Accordingly, by shifting the knob portion 480b of lever 480 along the slot 303b, a switching operation can be 
5 performed so that either the bright-field optical system 440 or the dark-field optical system 450 may be situated on the 
optical axis (FIG. 40 showing a state in which the dark-field optical system is situated on the optical axis). 
[0182] By referring to FIGS. 38A and 41, the mechanism for shifting the filters 410, 411 and 412 will now be 
described. Each filter is horizontally shifted off the optical axis. 

[0183] FIG. 41 is a view taken in a direction B in FIG. 38A, with the bottom plate 302 of the housing removed. The 
w filters 410, 41 1 and 412 are disposed to intersect at right angles with the optical axis (inclined 6 degrees downward) 
which is determined as described above. The respective filters are supported at one end on support arms 510, 51 1 and 
512. The support arms are rotatably supported at the other end on three vertical shafts 520, 521 and 522 fixed to the 
upper surface of the housing 300. 

[0184] The housing 300 is provided with three operation shafts 530 to 532 associated with the support arms 510, 
75 51 1 and 512. The three operation shafts 530 to 532 can be pushed/pulled by a predetermined stroke. A pin is fixed to 
one end portion of each operation shaft. (The figure shows a pin 532a of the operation shaft 532 alone). The respective 
pins are passed through slots (the figure showing a slot 512a in support arm 512 alone) in the respective support arms 
510, 51 1 and 512. As a result if the operation shaft 532 is pulled out to a position indicated by a two-dot-and-dash line, 
the pin 532a moves along the slot 512a and rotates the support arm 512 about the vertical shaft 522. Thus, the filter 
20 41 2 is shifted to a position off the optical axis, as indicated by a two-dot-and-dash line. On the other hand, if the opera- 
tion shaft 532 is returned from that position to a position indicated by a solid line, the filter 412 is shifted to the position 
on the optical axis, as indicated by the solid line. The same push/pull operation can be performed for the other filters 
410 and 41 1 by means of the operation shafts 530 and 531 . 

[0185] According to the transmission-illumination optical apparatus with the above structure, the optical path length 
25 from the light source to the sample is great and, in particular, the optical path is elongated in the horizontal direction. 
Thus, the optical element such as the above-described filter can be disposed without increasing the height between the 
upper surface of the stage, on which the sample is mounted, and the bottom surface of the housing. In particular, since 
each filter rotates in the horizontal plane and shifted onto/off the optical axis, the height of the housing is not increased. 
Specifically, since the filter 410, 41 1 , 412 is horizontally rotated off the optical axis, the position thereof in the height 
30 direction is unchanged and there is no need to unnecessarily increase the height of the housing. In addition, since each 
filter is coupled to the operation shaft 530, 531 , 532 by means of the above-described link mechanism, a slight opera- 
tion amount (the amount of a pulling operation for the operation shaft) is adequate to shift each filter onto/off the optical 
axis. 

[0186] In the above structure, the diffusion member 415 greatly contributes to determining the illumination field. If 
35 the degree of diffusion is increased, a wider illumination field is covered. If the degree of diffusion is decreased, a nar- 
rower illumination field is covered. By the shifting of the diffusion member, the range of field can be controlled. Bright 
illumination can be performed for a narrower field. The substantially oval convex lens 420, as shown in FIGS. 38B and 
39B, has such a shape that the upper and lower circumferential portions of a circle are cut out. The reason for this is 
that when a sample is to be observed by a stereomicroscope, sufficient illumination needs to be provided in the right- 
40 and-left direction and a lens with a large diameter needs to be used in order to increase the numerical aperture. As 
regards illumination in the front-and-back direction, a lens with such a large diameter is not needed. In other words, 
even if the diameter of the lens in the up-and-down direction is small, sufficient illumination can be provided in the right- 
and-left direction. An optical system with a small dimension in the up-and-down direction can be constructed using the 
substantially oval convex lens 420 with their upper and lower circumferential portions cut out. Such a lens can be 
45 formed of a resin. 

[0187] The deflection member 406 vertically deflects the optical axis which is inclined 6 degrees to the horizontal 
direction. Accordingly, the deflection member 406 can be disposed such that the angle for light incidence and light emis- 
sion is 84 degrees, that is, the incident light is reflected at 42 degrees to the line normal to the mirror surface, as shown 
in FIG. 42B. Where the diameter of the required light beam is 040, the height is 40-40 xtan42° = 4 and the height of 
so the apparatus can be thinned by 4 mm, compared to the ordinary case of reflection at 45 degrees, as shown in FIG. 
42A. 

[0188] If a diffusion plate is inserted in the filter 410 and it is shifted in/out along with the fitter 410, the degree of 
diffusion of the diffusion plate 41 5 in the bright-field optical system can be varied and the illumination field controlled. If 
a Fresnel lens is substituted for the convex lens 407, the thickness of the lens can be thinned even if it is large and the 
55 degree of diffusion of the diffusion plate 41 5 can be increased to produce scattering light with high intensity. In this case, 
light is bent by the Fresnel surface 407a in a converging direction and passed through the diffusion surface 407b. Com- 
pared to the illumination field of the ordinary microscope which is about 035, an illumination field with 060 to 070 can 
be obtained. In other words, about four times the area can be illuminated. 
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S. n Ji i f ,e *^ and ' in the da *- fie,d °P tical ^em. *e diffusion member 415 is shifted off the optical path 

n2^7?f^«V^r^T ber * wreby 0bl,que,y rilumir >ating *e sample 309. In this case the circular shield 
plate 437 shuts off leak light from below and darkens the background of the dark field 

5 S^LJ^JiTJSt^ T^JF™ ^ * 6 0pfcaJ te e«her the bright- 

A^SS ST » J 6 d ° pt,Cal SyStem ran ""^'etely use the light taken in by the collector lens 402 

SS^SZEtTV ^ W9h and hi9h bri9htness ran be performS. The illummS pati, 

nduding thedarM.eU (Oum.nat.on system can be elongated, and a wide field can be illuminated with little nm-unifomv 

« ?un^T^ 

atonoL oSS^Si^K iS at 8 P redetermi "ed angle, the plural filters 410. 41 1 and 412 are disposed 

along the optcala»s with their height positions displaced from one another. Accordingly, the support arms can bedE 

mS, T ln f/ 1 ° Ver,aPPin9 manner and *• * urai f i,tere «" be Wrted Si 

« 'S?? J* eh.ft-m/out mechanism for each fitter may be of the rotary type, as shown in FIG 41 Twell as of the 
>5 shde type, for example. Specifically, as shown in FIGS. 43A and 43B. the nStt 0 is heTto one^ porton ^ c^r 

^ jn P f^l and »J «*f P° rtion - *• nation plate 550 is projected out of tT^K^ofEi 
housing. This other end portion is held and operated in a range of stroke L 

be otoined ACCOrd,n9 * abWM,escribed fransmission-illumination optical apparatus, the following advantages can 
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l2i^Z "TTt V,SUal ,ieW "** which ^^'e <«" be illuminated, the height of the housing can be 

1 . °" betWee " thS sam P ,e - moun «"9 surface and the bottom surface can be^ZSj 

ShUTiI Z Cr0SC ° Pe h3V,n9 the transmission-illumination optical apparatus is actually design^ thTtLr 

(3 Since the f.lters 410 to 412 are budt in. the illumination can be altered without moving the sample 309 Moreover 
such f. Iters do not adversely affect the thickness of the apparatus esamp.e.sua. Moreover. 

and bright .Humination can be performed. In the bright-field illumination system, the optical pe^SeCS 
m design and thus a wide illumination field with less non-uniformity can be obtained vS «TC S 
optical systems are switched by the single lever 480. a desirable illumination method i^ehSSeS^ 
system or dark-f, eld optical system can be easily chosen in accoitiance with the JqThM ST bfcnt fflS 

S^SSIf d f" ,ie,d illU r fa ' and UnH ° rm i,,umJnation ^rigS 
5) Since each optical system ,s switched by horizontal rotation, the thickness of the apparatus can be reduced 

Sill™ 

4^ this riSS! ab ° veKiescr, ' bed th ird embodiment will now be described with reference to FIGS. 44 to 

TJ^TSTo^T 6 e ' emente 88 in are d6n0ted * ref — n-ne* and a 

ESS, nW ^ d f k l!f ld OPtiCa, S/Stem ** modifi cation has the same structure as shown in FIG 39A and the 

dTe^^rssr^r^ as in Fa ^ - - — ■ - -ss? 

So 4i?^if^ OUt m ^ hanism in this modification is constructed as shown in FIG. 46. The respective ft 
**J\°- 41 1 and412 are d'sposed perpendicular to the optical axis inclined by 10 degrees such that their MoMi aosi- 
t,ons drffer from one another. The faters are supported at one end to the support arms swsS l an?si! andTe 

1X7 27 r ^SS: ? POrtid 34 ^ Snd to * e three verfcal SO. 521 and 522 £d to the upS 
surface of fee housing 300. Rotary knobs 730. 731 and 732 are rotatably attached to the housing 300 S aVto S 
an external rotating operation. The rotary knobs and the vertical shafts 520 521 and jb* «rT^£ mk ? 

dot-and-dash lines or positions indicated by solid lines. yw-uoiu, maicaiea Dy two- 

,«i 000ldin ?L t l th ! 35078 Structure ' the deflection m ember 406 vertically deflects the optical axis which is 
.nclined 1 0 degrees to the honzontal direction. Accortingly. the deflection member 406 can be diSS S 
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angle for light incidence and light emission is 80 degrees, that is, the incident light is reflected at 40 degrees to the line 
normal to the mirror surface. Where the diameter of the required light beam is 040, the height is 40-40xtan40° = 6.4 
and the height of the apparatus can be thinned by 6.4 mm, compared to the ordinary case of reflection at 45 degrees. 
[0199] In the above-described structure, the angle of inclination of the light-emission optical axis from the light 

5 source 401 is 6 degrees or 10 degrees. According to experimental results, the above operational advantages can be 
obtained if the angle is about 5 to 10 degrees. If the angle of inclination of the light-emission optical axis from the light 
source 401 is too small, the effect of thin size is lost. If the angle of inclination of the light-emission optical axis from the 
light source 401 is too large, the illumination beam is led to a position higher than the upper surface of the sample- 
mounting transparent member and the sample-mounting transparent member is restricted. 

w [0200] In the mirror 436, 438 of the above-described dark-field optical system may collect and scatter light at its 
curved portion other than the conical or cylindrical portion shown in the figures. Each mirror 436, 438 may be processed 
with metal. 

[0201] Aside from the above-described embodiments, the bright-field optical system may freely be combined with 
some other optical member. The switching of the diffusion member may be performed not by the switching mechanism 
15 of the above-described optical system, but by a structure such as the above-described filter shift-in/out mechanism 
such that the diffusion member may be independently shifted onto/off the optical axis. The belts 750 of the filter shift- 
in/out mechanism shown in FIG. 46 may be replaced with gears. The Fresnel lens 407 having the integrally formed dif- 
fusion surface may be replaced with the ordinary lens 580, as shown in FIG. 44A if an increase in thickness is permitted. 
In this case, the diffusion plate 570 functions similarly with the diffusion surface 407a. 
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Claims 

1 . A transmission-illumination apparatus for use in a microscope, the apparatus having: 

25 a transmission-illumination optical system comprising a light source and a condenser lens for collecting light 

emitted from the light source and illuminating a sample; and 
an observation optical system including an objective lens for observing the sample, 
wherein in said transmission-illumination optical system at least two shield members for controlling a shape of 
an aperture created in a pupil of the objective lens are disposed at or near positions conjugate with a pupil posi- 

30 tion of the objective lens. 

2. A microscope transmission-illumination apparatus according to claim 1, wherein at least one optical member for 
partly controlling a light intensity of the aperture created in the pupil of the objective lens is provided at or near a 
position where said shield members are disposed. 

35 

3. A microscope transmission-illumination apparatus according to claim 1 , wherein said condenser lens has an aper- 
ture stop, and said shield members are disposed near a position of said aperture stop. 

4. A microscope transmission-illumination apparatus according to claim 1 , wherein a condition, D2/D1 ^ 0.5 , is sat- 
40 isfied, where D1 is an area of the pupil of the objective lens and D2 is an area of an aperture portion created in the 

pupil of the objective lens, which is formed by the shield members. 

5. A microscope transmission-illumination apparatus according to claim 1, wherein a condition, NA2/NA1 < 0.6 , is 
satisfied, where NA1 is a maximum illuminable numerical aperture of sad condenser lens, and NA2 is a numerical 

4$ aperture of the objective lens at which a maximum illumination range of the condenser lens can be observed. 

6. A microscope transmission-illumination apparatus according to claim 1 , wherein said condenser lens has an aper- 
ture stop, at least one lens group lying between said aperture stop and the sample is constructed to be attacha- 
ble/detachable or switchable in accordance with a low magnification and a high magnification, and said shield 

so members are disposed at or near the pupil position of the condenser lens in a low-magnification mode. 

7. A microscope transmission-illumination apparatus according to claim 6, wherein a condition, F1/F2 < 0 45 , is sat- 
isfied, where F1 is a high-magnification-side focal distance of the condenser lens, and F2 is a low-magnification- 
side focal distance. 

55 

8. A microscope transmission-illumination apparatus according to claim 1, wherein said apparatus has a driving 
mechanism for independently driving said at least two shield members. 
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9 ' ir? 0500 ^ ^ nsmission " illumin ation apparatus according to claim 1. wherein said apparatus has a driving 
mechanism for dnving said at least two shield members in an interlocking manner. 

10. Amicroscope ^ansmis^on-fllumination apparatus according to claim 1. wherein said apparatus is used in a stere- 
omicroscope having right and left objective lenses, and 

iSSSSISr an ^ rtwe ^ rta P^'<><eacbofsaid()bjectivelensesinafrorrt- 
obfective feSST perpend,cular to a direcbon Pa^el to a plane including optical axes of the right and left 



11. A rnteroscope transmission-illumination apparatus according to claim 10. wherein said apparatus has a driving 
mechanism for independently driving said at least two shield members. 9 

12. A transmission-illumination apparatus for use in a microscope, the apparatus having: 

!^7^ i T ill r m JT ati0n ° PtiCal SyStem oom P ri8,n B a "Sht source and a condenser lens for collecting light 

emitted from the light source and illuminating a sample; and 

an observation optical system including an objective lens for observing the sample 

^H? , M Sa,d traremi ^°^ i,l T inati0n opfical is such that a light^emission optical axis from 

sad hght source is inchned obliquely downward with respect to a horizontal direction, and there is provided a 
deflection member for deflecting upward said light-emission optical axis, thereby to illuminate the sample. 

13 ' 12,n of° P H ^ a " smission " i " u ' rtr «tron apparatus according to claim 12, wherein the angle of the downward incD- 
25 deSreef U **^ nssm «is with respect to the horizontal direction is in a range of 5 degrees to 10 

14. A microscope transmission-illumination apparatus comprising: 

a light source provided within a transmission-illumination frame- 
so a diffusion member for diffusing light from said light source, the diffusion member being shiftable onto/off a 

light-emission optical axis of said light source: 

a bright-field optical system having a first deflection member for deflecting upward light diffused by said diffu- 
sion member and a collection member for converging the light from the light source onto a sample on said 

S!!SS32ZS^ the collection member bein9 disposed on an opfical 8x18 of ,i9ht deflected » 

22*" Sy$tem !*Jf "£ 8 S6C0nd d6f,eCti0n member de,,ectin9 the "ant-emission optical 

axis of said light source, a first reflects member for reflecting light deflected by said second deflection mem- 

- T 1 arcurnference respect t0 an 0 ? tcaS ■* thereof, and a second reflection member for further 
reflecting reflection light from the first reflection member and radiating light from the light source onto the sam- 
*> Pie on the transmission-illumination frame: and 

nlX 03 ' ? Stem ^ tehin9 mechanism ^P*" 6 of ^hing said bright-field optical system and said dark-field 
optical system, said opfical system switching mechanism being attached to said transmission-illumination 

45 ^T^^^^f ° n - i,lumination apparatus access to claim 14. wherein said diffusion member is formed 

moan 8 ,? S8 w ? , w 0Pt,Ga) SyStem and 8w " Bhad as one *** al0 "9 bright-field optical system by 

means of said optical system switching mechanism. ' ^ 

50 ^t°H^l?T i l Si °I 1 ' il,Uminati0n aPParatUS aCC0,din9 to daim 14 " ^arein said bright-field optical system 
22 I 5 °^ Ca L Sy l em diSP0SSd SUCh ** 1,16 «9 w -amission optical axis of the *ht source is 
inclined obliquely downward with respect to a horizontal direction. 

JlTUS?"?"- ^an^nission-illumination apparatus according to claim 16. wherein a filter, which is shifted onto/off 
55 merST " ™ ^ ^ and SaW firet def,ection member or se ~™l deflection 

18. A microscope transmission-illumination apparatus according to claim 17. wherein said apparatus has a filter shift- 
in/out mechanism for horizontally rotating said fitter and shifting the filter off the optical ax*T 
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